University of Connecticut

OpenCommons@UConn
Honors Scholar Theses

Honors Scholar Program

Summer 8-14-2021

Comparative Analysis of Longevity and Stress Resiliency Benefits
of Supplementation with High-Antioxidative Capacity Juices in
Organisms That Are Representative of Humans
Meghan Long
meghan.long@uconn.edu

Follow this and additional works at: https://opencommons.uconn.edu/srhonors_theses
Part of the Alternative and Complementary Medicine Commons, Biology Commons, Nutrition
Commons, and the Physiology Commons

Recommended Citation
Long, Meghan, "Comparative Analysis of Longevity and Stress Resiliency Benefits of Supplementation
with High-Antioxidative Capacity Juices in Organisms That Are Representative of Humans" (2021).
Honors Scholar Theses. 849.
https://opencommons.uconn.edu/srhonors_theses/849

COMPARATIVE ANALYSIS OF
LONGEVITY AND STRESS
RESILIENCY BENEFITS OF
SUPPLEMENTATION WITH HIGHANTIOXIDATIVE CAPACITY
JUICES IN ORGANISMS THAT
ARE REPRESENTATIVE OF
HUMANS
Meghan Vannary Long, University of Connecticut

Meghan Vannary Long
Honors Scholar Thesis
University of Connecticut
2021

Acknowledgements
I am thankful that Dr. Joseph Crivello (Physiology and Neurobiology, University of
Connecticut) brought my ideas to fruition by acting as my Honors thesis supervisor.
Furthermore, I would like to extend my gratitude to Dr. Xinnian Chen (Physiology and
Neurobiology, University of Connecticut) for taking on the role of my Honors advisor in my
major and believing in my potential. And, finally, I thank my family for supporting me
throughout the whole process.

1

COMPARATIVE ANALYSIS OF LONGEVITY AND
STRESS RESILIENCY BENEFITS OF
SUPPLEMENTATION WITH HIGHANTIOXIDATIVE CAPACITY JUICES IN
ORGANISMS THAT ARE REPRESENTATIVE OF
HUMANS

Meghan Vannary Long
University of Connecticut
2021

Neurodegenerative disease presents itself as various chronic illnesses with overlapping
symptoms and is a growing issue within the geriatric population [1]. Scientists have not found a
way to cure this problem similar to how there isn’t an exact remedy for the multifarious types of
cancers. Alzheimer’s Disease is marked by the accumulation of beta amyloid clumps in the brain
that disrupt normal neuronal activity. Patients with dementia also have similar origins. Since
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there is no way to treat the disease, it’s probable that preventing the disease and brain damage is
a somewhat easier feat.
I plan to study how various antioxidant-based nutraceuticals can increase human
longevity. Simultaneously, I hope to discover the neuroprotective effects and mechanisms that
these berries and fruit contribute to. The fruits I plan to study are chokeberry, gooseberry,
elderberry, tart cherry, and pomegranate. My focus will be on how the chemical components of
these antioxidant-rich fruits (berries) either prevent or mitigate brain cell damage that would
otherwise lead to neurodegenerative disease. Furthermore, I will also highlight health benefits
that these fruits also provide such for immunity, cardiovascular health, and sport performance.
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Chapter 1

Introduction

Aronia melanocarpa, commonly known as chokeberry, is a rich source of polyphenols
with health benefits like other antioxidants such as blueberries and capsaicin in chili and paprika.
Aronia provides benefit with little unwarranted or toxic effects [2]. Aronia melanocarpa effects
on health are diverse, although much remains unknown about mechanisms and consistent effects
in response to standard dosing. It is also wise to investigate other antioxidant-rich nutrients that
are commonly found in people’s diets such as tart cherry and pomegranate as well as lesserknown berries such as gooseberry and elderberry.

Statement of Problem

Metabolic effects and general health benefits of Aronia melanocarpa are both anecdotal
and in the peer-reviewed scientific literature. Controlled, comparative study of antioxidant berry
juices on systematic variables of longevity and stress resilience is lacking. I hope to study how
high antioxidant capacity juices affect animal models to mirror these findings onto potential
5

human studies. Additionally, typical medical school curricula lack education on eastern
medicine. I intend to bring attention to this topic to further the studies in low-risk, nonpharmaceutical methods of prevention and treatment of disease.

Deliverables

I hope to publish my findings on Open Commons so a public audience may access my
findings to propel further studies in this field.
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Chapter 2

Review of Literature

Chokeberry

Aronia melanocarpa, more commonly known as black chokeberry, contains many
beneficial antioxidant properties and the potential to extend the average lifetime of certain cells
in the body. The antioxidant properties of various berries are measured by the polyphenol
content each has. Polyphenol content is the marker for bioactivity of antioxidants. Aronia
contains “anthocyanins, flavonols, flavanols, proanthocyanidins, and phenolic acids.”
Furthermore, the products and waste of this berry contain high contents of polyphenols. The
anthocyanins are responsible for the characteristic dark blue pigment that radiates from
chokeberries. The specific types of anthocyanins present in Aronia are “cyanidine 3-glucoside, 3galactoside, 3-xyloside and 3-arabinoside” and a relatively lower content of “pelargonidine-3galactoside and pelargonidine-3-arabinoside.” The flavonols consist of quercetin derivatives and
the proanthocyanidins present in Aronia are (-)-epicatechin and fragments of (+)-catechin. The
types of phenolic acids that are contained in chokeberry include “chlorogenic and
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neochlorogenic acids, cryptochlorogenic acid, p-coumaric acid and its derivatives, caffeic acid
and its derivatives, protocatechuic, vanillic, ferulic, salicylic, syringic, 4-hydroxybenzoic and
ellagic acids.” [3]
The antioxidant content of chokeberry are higher than other common fruits including
“blackberry, blackcurrant, chokeberry, raspberry and redcurrant.” The antioxidant properties of
these berries allow them to prevent against the activity of radical oxygen species which would
otherwise cause long-term damage. Researchers found that chokeberry has the highest potential
out of the various berries tested in that study to extract the toxic radical species that cause
damage in aerobic organisms. [3] [4]
Aronia has many positive effects on human health. It has been shown to improve
cardiovascular health by aiding in lowering blood pressure, protecting against hepatic lipid
accumulation [5], reducing low-density lipoprotein (LDL) cholesterol [6], and reducing
triglyceride levels [7]. This super berry also contributes anti-inflammatory properties. [8] There
have also been some findings that show Aronia improving mental health by exhibiting antianxiety features. [10] This may be related to the stress resilience effects of chokeberry.

Across many studies, Aronia melanocarpa was utilized to lower blood pressure in
clinical patients. Specifically, awake systolic and diastolic blood pressure were found to be
significantly decreased with Aronia supplementation. In addition to lower blood pressure, the
chokeberry also exerted benefits to the heart functions in vivo and ex vivo animal models. Thus,
this berry can possibly improve cardiovascular disease risk factor profiles associated with blood
pressure regulation.

8

This super fruit provides other benefits for cardiovascular health. It is known to protect
against hepatic lipid accumulation through the inhibition of PPARy2 expression with
improvements in body weight, liver function, lipid profiles and antioxidant capacity [5]. Aronia
also reduces levels of fatty acid synthase, hepatic triglyceride, leptin, and total and low-density
lipoprotein cholesterol (LDLC) [6]. Triglyceride levels were reduced when Aronia was given at a
dose of 300 mg per day [7]. LDLC decreases within 10 weeks of Aronia supplementation.

Different from its potential cardiovascular or metabolic health benefits, antioxidant
properties of the berry also contribute to its anti-inflammatory properties. Aronia inhibits
inflammation by modulating antioxidant function of immunocytes and gastrointestinal tissues.
The suppressed systematic inflammation led to lower FDG (fluorodeoxyglucose) uptake in the
spleen, liver, and lungs. At the same time, this led to upregulation of expression of antioxidant
enzymes, while preventing colitis-associated depletion of Rgsh (plasma reduced glutathione) [8].
Thus, this inhibits T cell transfer colitis and in turn, inhibits oxidative stress in the colon. It is
also used to prevent inflammatory stress in endothelial cells. Researchers are planning to
implement Aronia as a prebiotic in the intestinal and cardiovascular health [9].

The berry seems to also have a benefit for mental health. In one research study, the berry
led to reductions of anxiety-like behaviors and alleviation of depression-like behavior. Therefore,
the Aronia berry contains stimulating, antioxylti-like (antianxiety treatments particularly
benzodiazepines) and antidepressant-like features [10]. Aronia must then affect not only the
circulatory system, but also the nervous and endocrine systems. Much remains unknown about
this, however.
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Relative to sport performance, or functional performance, Aronia juices have also been
tested. Aronia-citrus juice (ACJ) was provided to athletes participating in a triathlon to measure
the positive effect between physical exercise and ACJ intake. The triathletes showed a decrease
in lipid peroxidation which is commonly associated with neuronal membrane degradation. There
was a decrease in the neuromotor system damage and an increase in their training load. Tests
were conducted and it seems that ACJ impacts the plasmatic and urinary values of oxidative
stress biomarkers. Thus, there is a beneficial effect on the possible oxidative damage while also
having feasible associations with DNA repair mechanisms. The ACJ probably strengthens the
antioxidant defense system [11].

Overall, there are many reports that Aronia fruit has benefits, but it is not clear exactly
which compounds in the berries are responsible and by what mechanisms. The field requires
systematic study in a focused manner.

Gooseberry
Indian gooseberry, Phyllanthus emblica or Emblica officinalis, (EO for short) is known to
produce similar positive effects as Aronia in terms of its antioxidant, anti-inflammatory, and
anti-aging properties. EO contains bioactive compounds such as flavonoids and phenolic
compounds which attributes to its health benefits like in Aronia. Its polyphenol count gives it the
“free radical scavenging potential” related to anti-aging. EO does so by saving “human retinal
pigment epithelial (RPE) age-related macular degeneration (AMD) trans mitochondrial cells”
from damage in vitro. Researcher are hoping to implement an EO nutraceutical to prevent
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humans from aging-related diseases/disorders including but not limited to diabetes, kidney
dysfunction, and high lipid accumulation. [3]

Elderberry
Elderberry, Sambucus nigra, was utilized in a study with male mice that were synthetically
given global cerebral ischemia. After splitting the mice into a control and experimental group,
based on the addition of the nutraceutical, it was found that elderberry improved the
sensorimotor impairment that the mice faced. One of the bioactive compounds of Aronia that
give it its beneficial properties are anthocyanins. The anthocyanin contained in elderberry is
cyanidin-3-glucoside, a common one, that seemed to improve the effects of neurotoxicity from
alcohol as well as create neuroprotection from focal cerebral ischemia. On top of that researchers
have found evidence that proves elderberry prevents from age-related oxidative stress (from
reactive oxygen species) while it ameliorates “neuronal and cognitive functions in animal
models.” [16]
Elderberry has been known to prevent humans against respiratory disease. One study was
done by employing an herbal medicine with echinacea to airplane passengers’ diets. This is
because air travel adds stress towards one’s health, both physically and psychologically, and
opens the human beings to more opportunities for disease. The echinacea shows potential in
preventing respiratory illness. The liquid form of elderberry was also given to passengers in a
clinical trial, and it decreased presenting symptoms and longevity of the influenza. Another
clinical trial involved elderberry as a lozenge which had similar effects of diminishing the effects
of the common cold and flu. Thus, elderberry seems to work well to treat common cold and flu
symptoms that are already present in individuals. Many people are also aware of elderberry for
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its “antioxidant, antidiabetic, anti-inflammatory and antidepressant properties.” [17] The
implementation of elderberry into one’s diet may play a role in strengthening a person’s immune
system from the effects of the coronavirus. [18]

Tart Cherry
When added to a person’s diet, tart cherry, Prunus cerasus, displays anti-aging and antiinflammatory effects which reduce the risk of age-related neurodegenerative diseases. One of the
major anthocyanins, bioactive compounds that Aronia also contains, is cyanidin. Cherry
anthocyanins made their way into the brains of young rats and then resulted in neuroprotective
effects. These effects included improved “brain cell function, signaling, and inflammation in the
aging brain.” Freeze-dried tart cherry powder was given to aged rats in a study. When compared
to rats in the control group, those that were given a dose of tart cherry exhibited better cognitive
function by learning over the course of the trial in the various tests versus reaching the max of
learning for one day. Simultaneously, the rats in the experimental group showed less
inflammation in the hippocampus. Another major finding from short-term tart cherry
supplementation is that the rats’ spatial learning and working memory improved in comparison
to those in control group [19].

Pomegranate

Pomegranate juice, Punica granatum, are known to contain high levels of polyphenols
which contribute to the neuroprotective abilities of an organism. Pomegranates contain
12

anthocyanin, which is a common bioactive compound in many of these super fruit berries. In a
study, pomegranate was incorporated into the diet of mice. The mice in the experimental group
showed increased glutathione concentration (GSH) levels, which are normally decreased in
diseased mice. GSH is utilized to defend the brain against oxidative stress (caused by aging and
reactive oxygen species) while managing cellular redox homeostasis. Similarly, pomegranate
increases the levels of glutathione peroxidase (GPx) and glutathione reductase (GR) which are
normally decreased in subjects with Alzheimer’s Disease. GPx and GR work to protect the cells
against the effects of reactive oxygen species (ROS) [20].
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Chapter 3

Results
Due to the nature of a literature review-based thesis, my results are findings extracted
from the published literature I analyzed.

To determine if Aronia extract (AE) could extend the lifespan of Drosophila
melanogaster by lowering oxidative stress, two amounts of AE were given to two different
groups of the species in comparison to a control group. The study found that AE did indeed
increase lifespan, but it was only significant when given in a 2.5 mg/mL dosage (Figure 1). In
trials that were created to study how elderberry affects the course of the common cold, it was
found that the implementation of elderberry into an individual’s diet may decrease the level of
associated respiratory symptoms and lower the duration of the illness by approximately two days
(Figure 2). It is apparent that the implementation of tart cherry into a rat’s diet both increases the
spatial memory and decreases the latency period to remember procedural memory when given
the Morris water maze task (Figure 3).
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Chokeberry

Figure 1. Drosophila melanogaster has a longer median lifespan when
given either 1 or 2.5 mg/mL of Aronia extract (AE) and increased
appetite in comparison to control flies [13].
15

Elderberry

Figure 2. Individuals with elderberry supplement presented
shorter duration of cold/respiratory illness along with less
severe cold symptoms in comparison to those in the control
group [17].
16

Tart Cherry

Figure 3. Rats were put into two groups – the control and the
other group having the addition of tart cherry in their diets.
Both groups were put in the Morris water maze and tested to
see if they could remember their way out. Spatial memory is
significantly improved in rats who had the addition of tart
cherry. [19].
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Chapter 4

Discussion
A wellness plan that includes a diet of black chokeberry extract (BCE) on top of exercise
has been found to minimize the risk of neurodegenerative disease such as Alzheimer’s or
Parkinson’s disease. The chokeberry does so by forming neuroprotection against the amyloid
beta accumulation. BCE was also injected into a mouse model and showed an effect in the
hippocampus. Researchers believed that BCE had the capacity to change the metabolites within
the hippocampus. After many trials, researchers believe that BCE has properties which provide
the brain with defense against oxidative stress-induced cell death. [14]
Aronia has higher antioxidant capacity than Ribes grossularia (gooseberry)
and Sambucus nigra (elderberry). This study of Aronia extract on Drosphila melanogaster shows
that Aronia lessens the effects of aging on the locomotor activity, movement to move around in
space, of the species [13]. Therefore, when Aronia extract (AE) was implemented into the fruit
fly’s diet, it had a longer lifespan in comparison to supplementation with blueberry and cranberry
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juices (both of which have anthocyanin content) due to the presence of anthocyanins and
proanthocyanins in Aronia.
Although an increased immunity to respiratory illness may seem a bit trivial in the overall
span of one’s life, it may be the deciding factor in unprecedented times, such as COVID-19.
COVID-19 is a novel, yet seemingly fatal illness, that has spiraled into a pandemic. There is no
way to predict how one’s body will handle the coronavirus. However, there has been a negative
correlation between having preexisting conditions and surviving COVID-19. Thus, it is a
possibility that, albeit preexisting conditions, that increased function of the immune system could
protect from the coronavirus. Thus, the supplementation of elderberry extract may play a role in
one’s ability to fight off the virus, presentation of symptoms, and duration of the virus itself.
Further studies on antioxidant supplementation should be evaluated before making any
other claims. As there are little to no deficits from implementation of antioxidant-rich nutrients
into one’s diet, it is a relatively simple task. However, with the complexity of neurodegenerative
disease, for example, it is hard to come to a solid conclusion or causation for the effects of
antioxidants on human beings. I do believe that follow more research should be done on
nutraceuticals as it may slow down or reduce the risk of neurodegeneration and increase the
lifespan of humans.
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Chapter 5
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